Introduction {#s1}
============

Head and neck cancers are common cancer in Hong Kong that registers about 2,000 new cases annually ([@B1]). Owing to the anatomical location and relatively high radiosensitivity of the tumor, radiotherapy is the treatment of choice and satisfactory prognosis has been achieved ([@B2]). Currently in Hong Kong, most head and neck cancers are commonly treated by intensity modulated radiotherapy (IMRT), which directs 7--9 beams or rotational beams to the facio-cervical region. The prescribed doses to the primary tumor and cervical lymphatic targets are 72--76 Gy and 54--66 Gy, respectively with the treatment course lasts for over 7 weeks. However, despite the advancement of radiotherapy techniques, radiation induced complications are frequently seen in patients due to the irradiation of the adjacent normal tissues ([@B3]--[@B5]). The improvement in survival rate implies more patients will experience the late toxicities. Therefore, the protection of organs at risk (OARs) to keep their doses below their respective tolerance become increasingly important.

Xerostomia is one of the common radiation induced complications in head and neck patients after radiotherapy ([@B6]--[@B8]). The cause of xerostomia is mainly due to the damage of the parotid and submandibular glands, which are the major salivary glands that produce over 80% of saliva ([@B9]). The parotid gland is the largest salivary gland located at the preauricular region along the posterior surface of the mandible, while the submandibular gland is the second largest gland located at the submandibular triangle. Since both parotid and submandibular glands are located close to the target volume of head and neck cancers, portions of them are inevitably irradiated to high dose leading to various degree of xerostomia in the patients. Xerostomia causes difficulties in mastication and swallowing and enhances the risks of dental problems; these subsequently degrade the quality of life in the long term survivors ([@B10], [@B11]).

Radiation Induced Damage to Salivary Glands {#s2}
===========================================

In radiotherapy of head and neck cancers, although the detail mechanism of radiation induced xerostomia is not fully known, it is understood that high radiation dose to the salivary glands causes loss and atrophy of acinar cells and granules ([@B12], [@B13]), which leads to morphological changes of the glands and reduces the saliva production. Many studies have reported that there was shrinkage of salivary glands including parotid and submandibular glands after radiotherapy, in which the magnitudes of shrinkage were associated with the total mean doses delivered to these glands ([@B14], [@B15]). Saliva produced from "damaged" parotid and submandibular glands may show reduced levels of the constituents and subsequently affect the digestive and protective processes in the oral cavity. Previous studies have demonstrated that the severity of xerostomia were associated with the hypo-function of the salivary glands due radiation damage, which was found to be dependent on the amount of radiation dose delivered to the glands ([@B16], [@B17]). Because of this, submandibular gland (SMG)-sparing and parotid gland (PG)-sparing techniques have been suggested to minimize the damage of salivary glands in recent studies ([@B18]). Several studies including Wang and Eisbruch ([@B19]) and Voordeckers et al. ([@B20]) supported that the mean parotid dose should be kept below 26 Gy for the preservation of salivary gland function. However, the reduction of dose is not without limit. Kreps et al. ([@B18]) reported a mean parotid dose of lower than 20 Gy might increase the risk of local recurrence for head and neck cancers.

Assessing Xerostomia for Post-Radiotherapy Patients {#s3}
===================================================

The onset of radiation induced xerostomia usually starts at the later part of the radiotherapy course in head and neck patients ([@B8]). Timely and effective assessments of the xerostomia condition during and after radiotherapy are important for the provision of optimal and timely patient care. Morphology of the glands and saliva flow rate have been studied to assess the post-radiotherapy salivary gland changes and xerostomia condition. They are discussed in the following paragraphs.

Assessing the Morphology of Salivary Glands
-------------------------------------------

In the 1980\'s, computed tomography was commonly used to image salivary glands, which was effective to demonstrate duct calculi, diffuse sialectasis, and enlarged lymph nodes ([@B21]). To avoid radiation dose to patient, non-invasive imaging modalities such as magnetic resonance imaging (MRI) and ultrasound imaging (UI) have been introduced. These two imaging modalities can visualize changes in terms of gland location, appearance and density as well as the salivary glands function in the case of MRI. Moreover, MRI and UI are prominent modalities in providing detailed image of soft tissue, which is another advantage over CT.

Comparing between MRI and UI for the assessment of post-radiotherapy salivary gland changes, UI is a comparatively affordable solution and has been used in research studies. It is particularly useful in assessing superficial soft tissues. Bialek et al. reported that ultrasonography was useful for detecting acute and chronic inflammation of salivary gland ([@B22]). Information, such as size, echogenicity, echogenicity margin sharpness, and echotexture, can be obtained from ultrasound scan for more in-depth analysis of the glands ([@B23]). Furthermore, shear wave ultrasound elastography provided easy assessment method of parotid and submandibular gland morphology ([@B24], [@B25]). Regarding the echogenicity of the gland tissue in UI image, it can be classified as hypoechoic, isoechoic, and hyperechoic by comparing with a reference which could be the nearby muscle outside the radiation field. Image echogenicity can also be classified into homogenous for uniform echogenicity and heterogeneous for non-uniform echogenicity. Radiotherapy-induced changes of the submandibular glands, such as reduced gland size, increased heterogeneous with hypoechoic areas and ill-defined margins, are suggested to be associated with the degeneration of acinar cells and loss of parenchymal during and after radiotherapy ([@B26]). Furthermore, UI can provide quantitative assessment of the glands using dose-volume histograms generated from scintigraphy ([@B18]). In addition, Yang et al. ([@B27]) proposed to apply ultrasonic Nakagami distribution, a statistical model for backscatter signals, in the evaluation of gland injury and determining statistical features of the parotid tissues. They also claimed that ultrasonic Nakagami-parameter allowed the segmentation of normal tissue and irradiated tissue. MRI is another non-invasive method of evaluating radiation induced changes ([@B28]), but more expensive than UI. MRI can be used to perform quantitative evaluation of early gland changes in post-radiotherapy head and neck cancer patients ([@B29]). Kan et al. ([@B30]) evaluated the post-radiotherapy parotid gland of head and neck patients using a 1.5 T MRI and concluded that MRI could show internal architecture of the parotid gland. Morphological changes in the irradiated parotid gland were demonstrated by MRI even for low dose irradiation. Nomayr et al. ([@B31]) evaluated the appearances of radiation-induced changes in salivary glands using conventional MRI and reported that volume reduction occurred in parotid glands after radiotherapy and hyperintense signal was detected in 22 and 31% of post-radiotherapy parotid and submandibular glands in T2-weighted images, respectively. Volume reduction and increased signal intensity in salivary glands by MRI after radiotherapy were also reported by Wada et al. ([@B32]).

Another imaging technique for ductal condition of main salivary gland assessment is sialography which employs the use of contrast injection and radiographic technology. It is useful to detect blockage of the salivary ducts. During the procedure, the patient is instructed to hold the catheter which is placed at the opening of salivary duct, through which the contrast agent is injected, followed by the imaging of the gland by x-ray. Recently, more advanced imaging using MRI has been introduced instead of x-ray to provide 3-dimensional images of the salivary glands in post-radiotherapy patients ([@B33]).

Assessing the Saliva Flow Rate
------------------------------

The flow rate of saliva is an indicator of xerostomia. The accepted range of normal flow for unstimulated saliva and stimulated saliva are above 0.1 and 0.2 mL/min, respectively ([@B34]). The calculation of flow rate is performed by dividing the sample volume by the sample collection time ([@B35]).

For accurate measurement of flow rate, the method of saliva collection should be reliable and efficient. Before salivary collection, subjects are instructed to refrain from eating, drinking and smoking ([@B17], [@B36], [@B37]). Mouth rinsing and swallowing is conducted at about 5 min prior to the collection because rinsing the mouth is important to avoid any dilution or food debris that may interfere the result while swallowing helps to hydrate the oral cavity ([@B17]). For stimulated salivary collection, stimulation from acid or gum chewing is necessary before salivary collection ([@B19], [@B38]--[@B40]). No stimulation is applied for unstimulated collection ([@B38]). Saliva collection location is crucial for precise data measurement. Whole saliva is actually a mixed of saliva and oral fluid including oral microbiota which can be collected by spitting or draining ([@B38]). For parotid saliva, collection should take place at buccal mucosa. For submandibular saliva, saliva should be collected from floor of mouth near Wharton\'s duct orifices where the saliva is predominately secreted from submandibular glands together with some from sublingual glands and minor glands ([@B17], [@B41]). Depending on the location and the stimulation type, saliva can be collected by spitting, draining, or suction with the use of Lashley cup or syringe, or by absorbent method with the use of materials such as microsponge, cotton pledget, or synthetic oral swab ([@B38]--[@B40]). Regardless of the method type, saliva sample should be stored in a sterile container. Collection time depends on the goal of the investigation. In some studies, saliva was collected between 8:00 and 11:00 a.m. to avoid circadian variation in salivary gland function ([@B36], [@B42], [@B43]). Common collection time is about 5 min and may be longer for unstimulated saliva flow ([@B42]).

A more detail assessment of salivary gland function is the "salivary gland scintigraphy," which employs positron emission tomography (PET) technology ([@B18]). Dynamic image acquisition is conducted after intravenous injection of the radioactive tracer 99mTechnetium pertechnetate. Ten milliliters of lemon juice is administrated orally 20 min after the injection to stimulate salivary secretion. Base on the image acquired, time-activity curves are obtained and are used to estimate the maximum salivary secretion (Emax) and minimum salivary secretion (Emin). Salivary excretion fraction (SEF) can then be calculated by the following equation ([@B18]):
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Whereas, the differences in pre-radiotherapy SEF and post-radiotherapy SEF of a patient can be evaluated with SEF ratio (rSEF) using the following equation:
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A reduction of more than 25% in rSEF would indicate salivary gland toxicity.

Recovery of Salivary Gland {#s4}
==========================

Salivary glands have been demonstrated to show recovery after the completion of radiotherapy. Braam et al. ([@B44]) and Li et al. ([@B45]) studied the parotid gland recovery after radiotherapy in head and neck cancer patients by measuring the stimulated salivary flow rate. They reported that mean dose of \<25--30 Gy to the parotid gland could allow complete flow rate recovery. Van Luijk et al. investigated the distribution of stem/progenitor cells in the human parotid gland and suggested that the recovery of parotid glands was depended on the radiation dose and the regenerative capacity of the gland tissue in the irradiated region ([@B46]). Seven related longitudinal studies on post-radiotherapy salivary gland recovery using various assessment parameters are discussed below and a summary is given in [Table 1](#T1){ref-type="table"}.

###### 

Summary of previous studies on the assessing radiation induced changes in salivary gland.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **References**                  **Assessing method**            **Subject/control**   **Duration/**\                                        **Dose**\                                                                   **Outcome**
                                                                                        **interval**                                          **(Gy)**                                                                    
  ------------------------------- ------------------------------- --------------------- ----------------------------------------------------- --------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------
  Murdoch-Kinch et al. ([@B36])   Salivary EGF\                   22                    1 year/pre-RT and\                                    21.9                                                                        At 6 months post-RT, EGF, parotid SF and total protein increased and returned to pre-RT level at 12 months post-RT in tissues receiving \<26 Gy
                                  SF                                                    3, 6, and 12 months post-RT                                                                                                       

  Almståhl et al. ([@B42])        Buffer capacity\                12/12                 3 years/6, 12, 24, and 36 months post-RT              51 ± 12[^a^](#TN1){ref-type="table-fn"}\                                    Low secretion rate, low buffer capacity, low pH Microorganisms increased\
                                  Dental caries\                                                                                              19 ± 6[^b^](#TN2){ref-type="table-fn"}                                      Unstimulated secretion improved at 6 months
                                  Oral Microbiota SF\                                                                                                                                                                     
                                  Saliva pH                                                                                                                                                                               

  Chen et al. ([@B47])            Scintigraphy\                   31                    2 years/pre-RT and 1, 3, 12, and 24 months post-RT    51.7                                                                        For \>44.69 Gy,\
                                  Observer QoL grading                                                                                                                                                                    rSEF = 83 ± 32% at 1-year\
                                                                                                                                                                                                                          rSEF = 78 ± 22% at 2 year\
                                                                                                                                                                                                                          Dry mouth was mostly reported

  Gupta et al. ([@B48])           Scintigraphy\                   60                    3 years/pre-RT and 3, 12, 4, and 36 months post-RT    50.0[^c^](#TN3){ref-type="table-fn"} 35.4[^d^](#TN4){ref-type="table-fn"}   Inversed correlation between SEF ratios and mean parotid doses at 3, 12 and 36-months post-RT\
                                  Observer QoL grading                                                                                                                                                                    Salivary toxicity (SEF \<45%)\
                                                                                                                                                                                                                          Decreased from 3 to 12 months post-RT and became stable afterwards.\
                                                                                                                                                                                                                          Threshold for the parotid gland was 35.1, 41.3, 55.9, and 64.3 Gy at 3, 12, 24, and 36 months post-RT, respectively

  Strigari et al. ([@B49])        SF\                             63                    2 years/pre-RT and\                                   26--38                                                                      XT incidence occurred when the mean dose of the PG, SMG, and TG were \>32 Gy\
                                  Patient-rated XT-related QoL\                         3, 6, 12, 18, and 24 months post-RT                                                                                               Worst XT for patients were shown by TG receiving high mean dose and low irradiated volume
                                  Observer QoL grading                                                                                                                                                                    

  Hey et al.\                     SF                              117                   3 years/pre-RT and\                                   34.4[^e^](#TN5){ref-type="table-fn"}\                                       The recovery of parotid glands was significant at 2 and 3 years post-RT for parotid mean dose ≤26 Gy
  ([@B50])                                                                              1, 6, 12, 24, and 36 months post-RT                   21.7[^f^](#TN6){ref-type="table-fn"}                                        

  Wang et al. ([@B51])            SF QoL                          52                    1.5 year/pre-RT and 2, 6, 12, and 18 months post-RT   57.4[^g^](#TN7){ref-type="table-fn"} 20.4[^h^](#TN8){ref-type="table-fn"}   Correlation was found between RTOG grade and mean dose at 2 and 6 months for SMG\
                                                                                                                                                                                                                          XT was less serous for SMG-spared group than non-SMG-spared group at 2 and 6 months post-RT\
                                                                                                                                                                                                                          Unstimulated SF for SMG-sparing group was better at all-time points
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*SF, saliva flow; Gy, gray; EGF, epidermal growth factor; RT, radiotherapy; SEF, saliva excretion fraction; QoL, quality of life; XT, xerostomia; SMG, submandibular gland; PG, parotid gland; TG, whole organ*.

*Total dose for patient treated with radiotherapy*.

*Total dose for patient treated with additional brachytherapy*.

*Mean dose for ipsilateral parotid*.

*Mean dose for contralateral parotid*.

*Mean dose for patients treated with 3D-CRT*.

*Mean dose for patients treated with IMRT*.

*Mean dose for patient treated with non-SMG-spared*.

*Mean dose for patient treated with SMG-spared*.

Chen et al. followed up a group of 31 post-radiotherapy head and neck patients treated by IMRT up to 24 months. Measurements were performed using scintigraphy and observer Quality of life (QoL) grading. They demonstrated an improvement of 5% in rSEF in the second year measurement (78%) compared with that in the first year (83%) ([@B47]). Gupta et al. performed a prospective longitudinal assessment of parotid gland function in head and neck cancer patients treated with parotid-sparing radiotherapy. Scintigraphy and rSEF were used to assess the post-radiotherapy changes up to 36 months. The results revealed that there was consistent decline in parotid function even after conformal radiotherapy with moderate recovery over time ([@B48]). Still on flow rate measurement, Strigari et al. conducted a prospective longitudinal study on 63 head and neck patients including 44 NPC patients about the duration of xerostomia after radiotherapy. Their results revealed that a reduced salivary flow was observed at 3 months, but after that recovery of flow was observed over time. They also deduced from multivariate analysis that mean gland dose and pretreatment stimulated salivary flow were independent factors for predicting xerostomia ([@B49]).

Concerning about the relationship of dose and gland recovery, Hey et al. evaluated the recovery potential of the parotid glands after 3-dimensinal conformal radiotherapy or IMRT on 117 patients. The longest follow up time was 36 months. They found that the gland could reach complete recovery of salivary flow rate if the D~mean~ was \<26 Gy at one parotid gland. The volume of irradiation and D~mean~ were indicators of saliva flow and gland recovery ([@B50]). Along this line, sparing part of the salivary was found to have effect on gland recovery. Wang et al. researched on the recovery of saliva output and effect of xerostomia grade after IMRT on 52 head and neck cancer patients up to 18 months post-radiotherapy. Applying a contralateral submandibular gland treatment technique could significantly reduce Grad 2-6 xerostomia on patients ([@B51]). This group of patients also presented with better mean unstimulated salivary flow rates at each time points and better mean stimulated salivary flow rate at 2 months post-radiotherapy. Based on this, they concluded that recovery of saliva output and grade of xerostomia in post-radiotherapy patients who had contralateral submandibular gland spared were much better those who did not have the submandibular gland spared.

Apart from the dose and volume relationship, some of the bio-factors were also found to be involved in the gland recovery process. Murdoch-Kinch et al. commented that although radiation therapy (RT) causes permanent xerostomia, parotid-sparing radiation therapy (PSRT) ensured recovery of saliva quantity over time. Twelve months after PSRT, parotid glands produced substantial amounts of salivary epidermal growth factor (EGF) and other proteins, eventually approximating pre-radiotherapy levels, with recovery of salivary function ([@B36]). In addition, Almståhl et al. conducted a 3-year longitudinal study on the microflora in exosystems and salivary secretion rate after radiotherapy of head and neck patients. They reported that in order to regain a normal, stimulated salivary secretion rate, buffering capacity are the prerequisites to regain an oral flora associated with good oral health ([@B42]). Recently, Pringle et al. ([@B52]) reported that radiation damaged salivary glands could be restored by the regenerative power of human salivary stem cells, which has the potential in the treatment of xerostomia in future.

Discussion {#s5}
==========

Radiation induced xerostomia has been a common complication in radiotherapy of head and neck cancer patients despite of the advancement in radiotherapy techniques. It is logical to expect lower risk of xerostomia if the mean dose to the salivary glands is lowered. Methods to assess the gland condition and xerostomia severity are useful to monitor the progress of the toxicity, where appropriate management can be provided to the affected patients. Our review has discussed the common ways to assess the morphology of the gland mainly using imaging modalities, such as ultrasound, MRI, CT, and scintigraphy using x-ray. Each of them can contribute useful information of the gland condition and their uniqueness in imaging the salivary gland has been identified.

The assessment of the salivary gland function lies mainly on the measurement of saliva flow, which requires a reliable and convenient method of collecting the saliva from patients. The flow volume and flow rate are common indicators of the severity of xerostomia in patients. The details of saliva collection procedure and the parameters for measurement (such as rSEF) have been introduced, which are useful to assess the radiation induced changes in post-radiotherapy patients. In addition, questionnaires for collection patients\' subjective feelings on various life aspects related to xerostomia are available. EORTC QLQ-C30 is a questionnaire based on a list of functional measures and symptom measures to assess the QoL of cancer patients. Another cancer-specific questionnaire established by EORTC is the H&N35 which measures QoL based on symptoms ([@B47]). Some studies also used patient-rated questionnaire in evaluating salivary gland toxicity or xerostomia severity ([@B49], [@B53]). Patient QoL can be affected by complications associated with salivary dysfunction. Therefore, QoL score in a number of more general dimensions reflects the impact on radiation-induced side effects ([@B54]).

Results of several longitudinal studies on salivary gland recovery have been discussed in previous section ([Table 1](#T1){ref-type="table"}). Apart from them, oral microflora has been reported to reflect the health condition of salivary glands. Saliva pH, saliva buffer capacity and number of microorganism in saliva were lower in post-radiotherapy cancer patients compared with the controls (non-patients). It was speculated that low secretion rate and low buffer capacity were responsible for the proportion of microorganisms in oral cavity and were the cause for the low pH environment ([@B42]). Another substance salivary epidermal growth factor (EGF), secreted by the parotid glands, was associated with oral mucosal health. A study has shown that EGF concentration, total EGF, protein concentration, and parotid saliva flow rate were decreased after completion of radiotherapy and restored to the pre-radiotherapy level at 1 year post-radiotherapy ([@B36]). However, up to now, the detail mechanism of how salivary gland recover after radiotherapy is still not fully known. This could be a multifactorial event involving dose-volume factor as well as biological factors of the gland and condition of the oral cavity. Therefore, these issues should be investigated in future so as to establish a more comprehensive picture of salivary gland recovery model which can also provide prediction on the degree of recovery in individual patients.

Conclusion {#s6}
==========

Assessing saliva gland changes in post-radiotherapy of head and neck cancer patients can be on three main aspects: morphology of the gland, saliva flow rate and saliva content including biomarkers. Imaging modalities play an important part in the monitoring of the morphology of the salivary glands. Ultrasound imaging is advantageous for its convenience whereas MRI is superior in providing details gland textures. In assessing the saliva flow rate, salivary gland scintigraphy can offer more reliable results in which the residual saliva excretion fraction (rSEF) is used. Several studies have proved that salivary recovery took place after completion of radiotherapy. Many of them reported that a greater improvement in salivary function was observed between 1 year and 3 years post-radiotherapy ([@B36], [@B42], [@B50]). Currently, clinical studies on the recovery of human salivary gland at cellular or molecular level are limited. Leveraging the development in imaging biomarker and studying the recovery of salivary glands at cellular and molecular level will be the future trend ([@B46]).
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